Diabetic osteopenia is the sixth classic complication of Diabetes mellitus. High glucose level is capable of triggering increased oxidative stress which induce osteoblast apoptosis. Quercetin, a powerful natural antioxidant, can protect many organs against oxidative damage, including bone. OBJECTIVES: The present study is designed to investigate the effect of quercetin administration on the alveolar bone in rats with induced diabetes. MATERIALS AND METHODS: Twenty-four adult male rats were divided into three equal groups (8 rats each) as follows: Group I: Control group, Group II: diabetic group (with no treatment), Group III: quercetin treated group (induction of diabetes with oral administration of quercetin dose 100mg/ kg/ day for 12 weeks). Diabetes was induced in group II and group III by a single intraperitoneal injection of Streptozotocin (STZ). After 12 weeks all rats were sacrificed and the mandibles were dissected out and prepared for histological analysis using scanning electron microscope (SEM), and energy dispersive x-ray microanalysis (EDX). RESULTS: In diabetic group, there was significant increase in blood sugar level. Bone surface revealed irregular surface with multiple resorptive pits. Moreover, there was significant decrease in calcium level and increase in phosphorous level while in quercetin group. Both blood sugar level and alveolar bone surface relatively returned back to normal. Also there was slight decrease in calcium and increase in phosphorous in comparison to control group. CONCLUSIONS: Quercetin exerts protective effects on STZ-induced oxidative stress in diabetic rats restoring the architecture of bone.
INTRODUCTION
Quercetin (3, 5, 7-pentahydroxyflavone ) is a powerful natural antioxidant (1) . It is a naturally occurring flavonoid, which is widely distributed in the plant kingdom. It is widespread in a variety of foods including onions, apples, grapes, berries and some vegetables as well as many seeds, nuts, flowers, barks and leaves (2) .
It has been demonstrated that quercetin can protect many types of tissue or organs against oxidative damage, including liver, kidney and pancreatic gland (3) . It has been reported that quercetin exerts protective effects against β-cell damage in diabetes and is capable of decreasing serum glucose level in diabetic rats (4) .
Oxidative stress is described as an imbalance between an overproduction of reactive oxygen species (ROS) and an insufficient defense of antioxidants (5) . It is caused by an increase in intracellular reactive oxygen species (ROS), plays a central role in insulin resistance and in pancreatic β-cell death during the progressive deterioration in glucose tolerance and development of diabetes. Increased oxidative stress produces serious oxidative damage in the brain under diabetic conditions that affects all of the cellular components, including proteins, lipids and nucleic acids (6) . Quercetin (QE) was shown to induce a dose-dependent decrease in plasma glucose levels, in addition to regenerating pancreatic islets, preserving the integrity of pancreatic β-cells and normalizing glucose tolerance tests. It has been shown in streptozotocin-induced diabetic rats to reduce oxidative stress markers (plasma thiobarbituric acid reactive substances and hydroperoxides) and regulate the detoxifying enzymes, superoxide dismutase and catalase (7) . It has been also recently revealed that it alleviates diabetic symptoms and reduces the disturbance of hepatic gene expression in streptozotocininduced diabetic mice (8) .
It has been proved that QE reduces bone resorption in vitro which is one of the complications of diabetes mellitus via the direct targeting of the mature osteoclasts by a mechanism involving estrogen receptors (ERs). It has been shown that estrogen enhances osteoblast differentiation and bone formation and the conditioned medium of estrogentreated osteoblast cultures inhibits osteoclast development. Many special properties of quercetin make it an ideal candidate substance for the prevention and treatment of diabetic osteopenia (9) .
Diabetes mellitus (DM) is a major clinical and public health problem (10) . It is a chronic systemic metabolic disorder. DM is characterized by hyperglycemia due to a deficiency of insulin secretion caused by pancreatic β -cell dysfunction and/ or insulin resistance (10) . Increase incidence of morbidity and mortality has been associated with diabetes as its long-term complications affect many important organs. Diabetic complications can be classified as microvascular and macrovascular complications. Other important clinical complications include delayed wound healing, periodontal disease and alveolar bone loss (11) .
A variety of bone-related changes are known to be influenced by hyperglycemia such as bone mineral density, geometry, microarchitecture (trabecular, cortical thickness, and bone area), and biomechanical markers of bone turnover (ultimate strain, strength and load, and stiffness (12, 13) . In addition, formation of the collagen network is affected by an increase in matrix metalloproteinase (MMP) expression in diabetic conditions, especially for MMP-9, which is considered a diabetogenic factor and is upregulated in Type1DM, contributing to collagen degradation and resulting in low bone collagen content and poor bone biomechanical integrity (14) .
Alveolar bone is a specialized part of the mandibular and maxillary bone that form the primary support structure for the teeth. It is the least stable of the periodontal tissue, because it is subjected to continuous modeling and remodeling associated with tooth eruption and functional requirements (15) .
Diabetic osteopenia is one of the most serious complications of DM which may lead to increase incidence of bone fracture. High glucose level is capable of influencing osteoblast differentiation, impairing bone formation and inhibiting bone mineralization (16) . Diabetes has been implicated in the progression of periodontal disease. It causes a more persistent inflammatory response, greater loss of attachment and more alveolar bone resorption, and impaired new bone formation (17) .
In addition, hyperglycemia is able to trigger increased oxidative stress that inhibit osteoblast differentiation and induce osteoblast insults and apoptosis, and has been deemed as an important contributing factor for the incidence of diabetic osteopenia. Therefore, simultaneous control of hyperglycemia and oxidative stress has great potential in controlling the incidence and development of diabetic osteopenia (18) .
MATERIALS AND METHODS
The study design was approved by the Institutional Ethical Committee of the Faculty of Dentistry Alexandria University Twenty-four adult male rats weighing 200-250 grams (approximately six months of age) were used in this study. These animals were obtained from and caged in the Institute of Medical Research, Alexandria University. They were caged in specially designed wire mesh cages. The animals were supplied a regular diet throughout the whole experimental period which lasted for 12 weeks. The animals were divided into three equal groups (8 rats each) as follows: Group I: Control group. Group II: Diabetic group (with no treatment). Group III: Quercetin treated group (after induction of diabetes quercetin was administrated orally at a dose of 100 mg/ kg/ day for 12 weeks) (19) .
For group I (control), the rats were injected with vehicle (saline) to control the influence of any injection stress or buffer-induced effects on the animals.
Induction of diabetes
For groups II, III the rats were fasted overnight and diabetes was induced by a single intraperitoneal injection of Streptozotocin 40mg/kg body weight in 0.1 M citrate buffer (20) . Administration of Quercetin Quercetin which was used in the experiment was purchased from Sigma -Aldrich Chemical Company. It was available in powder form and it was dissolved in distilled water and administrated orally by oral gavage syringe. At the end of 12 weeks, all rats were sacrificed. The mandible of each rat was dissected out. The right molar segments were prepared for Scanning Electron Microscope (SEM) and Energy Dispersive X-ray microanalysis (EDX).
Measurement of Blood Glucose Level
Blood glucose level of the animals in group I, II and III was measured 48 hours after the administration of Streptozotocin then every week throughout the time of experiment. Blood sample was obtained from the tail vein of the animals and their blood glucose level was determined in mg/dl using a digital glucometer (20) .
Scanning Electron Microscope (SEM) (21)
Specimens were fixed in 2.5% glutaraldehyde in phosphate buffer (PH 7.3) for 48 hours and rinsed in phosphate buffer for 10 minutes then dehydrated in ascending grades of ethanol solution 50%, 70%, 90%, and exchanges of 100%.
These specimens were exposed to critical point drying. Then they were air-dried in a vacuum desiccator in which air was evacuated. After which the specimen was mounted on aluminum SEM stubs for gold sputtering. This was achieved by the deposition of an evaporated thin layer of gold over the samples. After coating, the samples were ready for scanning electron microscopic examination.
Energy Dispersive X-ray (EDX) (21)
The specimens were washed under running water, dehydrated and air-dried. The surfaces of the mandibles of the study and control groups were exposed to x-ray analysis using EDX system to analyze the different percentages of calcium and phosphorus.
STATISTICAL ANALYSIS
Results of the blood glucose level and EDX microanalysis were collected and analyzed using ANOVA test to reveal the difference in the level of calcium and phosphorus and blood glucose level between the three groups.
RESULTS

Blood glucose level
The initial and final blood sugar levels in the different groups are summarized by mean and standard deviation in table (1) . There was a statistically significant increase in final blood sugar level in diabetic group (II) in relation to control group (I) (P1<0.01). In quercetin treated group (III), the mean final blood sugar level decreased to values close to control group(I) (P2=0.98), moreover, the difference in the final blood sugar level between both diabetic group (II) and quercetin treated group (III) was statistically significant (P3<0.01). 
Scanning electron microscopic results Group 1 (control group)
The surfaces of the buccal cortical plates of the alveolar bone showed a generalized pattern of smooth and uniform surface topography with regularly outlined and well defined nutritive canals (Fig.1 ). 
Group 2 (Diabetic group) untreated group
The surfaces exhibited a generalized roughening and porosity with irregularly outlined nutritive canals (Fig. 2) , and associated with some smooth and regular areas ( 
Group 3 (Quercetin treated diabetic group)
The bone surfaces exhibited a marked masking of the diabetic changes which were seen in association with diabetic group.
The positive changes included decrease in surface roughness and increase in smooth surface areas (Fig. 4) . The repair was noted in all areas examined all over the cortical plates. Slight irregularities were observed at the interior surface of the nutritive canal (Fig. 5 ). 
Energy dispersive x-ray analysis (EDX)
The calcium and phosphorous levels in different groups are summarized in table (2) . There was statistically significant decrease in calcium level and increase in phosphorous level in diabetic group (II) in relation to control group (P1 for calcium=0.013) and (P1 for phosphorous= 0.001). In quercetin treated group (III), there was a slight decrease in calcium level and increase in phosphorous level but the values of calcium and phosphorous were closer to control group than that of diabetic group (P2 for calcium=0.033) and (P2 for phosphorous =0.016). Moreover, the difference in calcium and phosphorous levels between quercetin and diabetic groups were statistically significant (P3 for calcium= 0.019) and (P3for phosphorous=0.022).
DISCUSSION
Quercetin is one of the best known bioflavonoid; bioflavonoids comprise numerous natural compounds, such as catechin, quercetin and rutin. Quercetin is abundant in a variety of fruits and vegetables (22) . Administration of quercetin partially prevents degranulation and degeneration of β-cell, and significantly lowers the serum glucose levels.
In addition, the lipid peroxidation in pancreatic tissue, serum nitric oxide production becomes significantly lowered, and the activities of serum antioxidants become significantly increased by quercetin, indicating that the protective effect of quercetin on β-cell is attributable to its antioxidant nature which in turn reduces bone resorption which is one of the complications of diabetes mellites (23). The present study evaluated the effect of quercetin, when administrated orally on the alveolar bone loss induced by diabetes. This was done by SEM and EDX. It evaluated as well its effect on hyperglycemia in a diabetic rat model.
Induction of diabetes mellitus in laboratory animals was done by several methods with many difficulties and variable success. Dave V et al., (24) removed surgically the pancreas and it was an effective method; however, to induce diabetes at least 90% of the pancreas had to be removed. A variety of Type1 diabetic rodent models have been pharmacologically induced by compounds such as Alloxan, Streptozotocin (STZ),Vacor, Dithizone and 8-hydroxyquinon (25) .
Akbarzadeh A et al., (26) used streptozotocin to create experimental diabetes because it is simple, effective and convenient method. In rats a single dose of streptozotocin is capable for inducing diabetes (27) . One of the actions which has been attributed to STZ is depletion of intracellular nicotineamide dinucleotide (NAD) in islet cells. In addition, STZ has been shown to induce DNA strand breaks and methylation in pancreatic islet cells. STZ enters pancreatic beta (β) cells through glucose transporter 2 (GLUT2) in the plasma membrane leading to cellular toxicity and local immune responses that lead to hypoinsulinemia and hyperglycemia in animals.Ninety days period was estimated for this experiment. This period has been shown to be enough to induce diabetes complications in bone (28).
Bortolin RH et al., (29) results demonstrated significant bone loss associated with long-term T1DM. That study was based on protection against T1DM-Induced Bone Loss by Zinc Supplementation.
In the current study, blood glucose levels were measured at regular intervals throughout the experimental period. The increase of blood glucose levels was statistically significant in the diabetic group after using streptozotocin as diabetes inducer which caused toxicity of the beta cells of the pancreas leading to emergence of clinical diabetes in 2-4 days. STZ penetrates the pancreas increasing oxidative stress resulting in destruction of beta cells (30) . The hyperglycemic state was almost stable in the diabetic group throughout the experimental time.
A study done in 2013 by El-Amin M et al., (31) has revealed that hyperglycemia , hypoinsulinemia, polyphagia, polyuria and polydipsia accompanied by weight loss were seen in adult rats within three days of streptozotocin treatment and within one week to ten days, the amount of relevant factors were almost stable, which indicated irreversible destruction of the Langerhans islets cells. However, for treated group, after the start of oral quercetin administration, the mean blood glucose level showed significant improvement. Abdelmoaty MA et al., (32) suggested that QE supplementation has proven to be beneficial in decreasing blood glucose concentration, promoting regeneration of the pancreatic islets and increasing insulin release in STZ-induced diabetic rats; thus exerting its beneficial antidiabetic effects.
The scanning electron micrographs (SEM) of the diabetic group revealed an irregular, resorbed surface of the outer cortical plate of bone indicating the progressive bone resorption associated with diabetes. This result is supported by Wongdee K et al., (33) who ensured that there is great association between diabetes and osteoporosis. Another study done by Labanca M et al., (34) proved that increased osteoclastic activity in cases of osteoporosis resulted in bone resorption which took the upper hand than bone formation.
Our elemental microanalysis (EDX) revealed a decrease in calcium concentration in relation to phosphorous in the diabetic animals. The results of the elemental microanalysis coincided with scanning electron microscopic results. Negareddy et al. (35) mentioned that energy dispersive x-ray analysis is considered an efficient method to detect different percentages of minerals in the bone, also allows for region specific analysis of elemental composition and it is better than such analysis which only provide information about total bone composition. It has been proven that diabetes resulted in abnormalities in calcium and phosphorous metabolism leading to increased serum calcium concentration which resulted from the release of calcium from bone tissues.
Berezin AE reported controversial alterations in the RANK/RANKL/OPG (receptor activator of nuclear factor kappa β ligand/osteoprotegerin) system in hyperglycemic conditions. An increase in RANKL mRNA expression in diabetic bone has been shown while a decrease in OPG gene expression was also observed in T1DM patients. When RANKL expression increases relative to OPG, RANKL becomes available to bind RANK on osteoclast precursors, tipping the balance to favor activation of osteoclast formation and bone resorption (36) .
On the other hand, the administration of quercetin in the present study, prevented alveolar bone loss and restored its normal original architecture. SEM results of quercetin group revealed a relatively smooth bone surface indicating quercetin effect on bone formation and thus preventing severe bone resorption as a complication of diabetes.
The results of EDX revealed increase of the calcium level and the relative regaining of the normal ratio between calcium and phosphorous in the quercetin group when compared to diabetes group. Appropriate balance of calcium and phosphorous levels is a key for maintaining healthy bone and both minerals are critical to support bone formation (37) .
A study done in 2011 by Wei Liang et al., (23) revealed alterations occuring both trabecular bone and cortical bone in diabetic rats by Micro-CT scanning analysis, which might contribute to the deteriorative biomechanical performance of femur under diabetic condition. Quercetin significantly improved the trabecular bone mass loss and microarchitecture deterioration in diabetic rats with less resorptive pits and smoother bone surface compared to diabetic group. It also showed significant improvement of bone mineral content and increasing in calcium level in quercetin group in comparison to the diabetic group.
A study done in 2008 by Wong RW et al., (38) demonstrated that quercetin when used with collagen matrix significantly increased new bone formation locally when grafted into skull defects. It is one of the most potent osteogenic chemicals ever discovered. It reduces bone resorption via a mechanism involving estrogen receptors (ERs) expressed by osteoblasts. It has been shown that estrogen inhibits osteoclast development. Thus, estrogen is one of the most important sex steroids for the maintenance of bone balance. It has been reported that quercetin interact with estrogen receptors (ERa and ERb) present within the osteoblasts, which facilitate upregulation of gene expression and proliferation of cells, boost the bone cells' metabolic activity and also stimulate the formation of bone by enhancing osteoblast differentiation (39) .
Wei Liang et al., found that oral administration of quercetin was capable of reversing the decreased serum osteocalcin and serum alkaline phosphatase (ALP) activity which were found in diabetic rats and therefore enhanced bone mineralization (23) .
All of the previous SEM and EDX findings of the deteriorated bone tissue of diabetic group, showed remarkable differences from those of quercetin and control groups. The observed histological findings of the present study assured the positive influence of quercetin administration on the restoration of the structure of the alveolar bone.
CONCLUSIONS
Quercetin exerts protective effects on alveolar bone structure affected by diabetes in rats. The efficacy of quercetin therapy in diabetes mellitus could be attributed to the hypoglycemic state and its osteogenic effect.
